The conventional ΛCDM cosmological model supplemented by the inflation concept describes the Universe very well. However, there are still a few concerns: new Planck data impose constraints on the shape of the inflaton potential, which exclude a lot of inflationary models; dark matter is not detected directly, and dark energy is not understood theoretically on a satisfactory level. In this brief sketch we investigate an alternative cosmological model with spherical spatial geometry and an additional perfect fluid with the constant parameter ω = −1/3 in the linear equation of state. It is demonstrated explicitly that in the framework of such a model it is possible to satisfy the supernovae data at the same level of accuracy as within the ΛCDM model and at the same time suppose that the observed cosmic microwave background (CMB) radiation originates from a very limited space region. This is ensured by introducing an additional condition of light propagation between the antipodal points during the age of the Universe. Consequently, the CMB uniformity can be explained without the inflation scenario. The corresponding drawbacks of the model with respect to its comparison with the CMB data are also discussed.
Introduction
Even if it was a very successful theory in its own right, predicting for instance the primordial abundance of light elements, Big Bang (BB) cosmology suffers from serious theoretical drawbacks such as the horizon, flatness, and the grand unified theory (GUT) magnetic monopoles problems. Cosmic inflation [1] [2] [3] can solve all three of those shortcomings, and, moreover, provides a natural mechanism for causally generating the observed nearly scale invariant spectrum of primordial adiabatic density fluctuations a . It is a theory that has gained enormous popularity since being introduced in the early 1980s. However, as we shall discuss in some detail in Sec.1.3, inflation faces some theoretical challenges that motivate the search for alternative solutions to the problems of BB cosmology.
Moreover there is the puzzle of the initial singularity and the question it raises immediately: what happened prior to the Big Bang? Historically, the first model of cosmic inflation was discovered by Alexei Starobinsky in 1980, when he suggested the possibility of a non-singular cosmological model 10 as a consequence of including one-loop quantum vacuum polarization effects due to conformally covariant matter fields on a Friedmann-Lemaitre-Robertson-Walker (FLRW) background. In his model the early universe goes through a maximally symmetric, de Sitter phase, corresponding to an exponential growth of the scale factor. This accelerated nearly exponential expansion is typical in any inflationary theory ever proposed. Mukhanov 
& Chibisov
11 have considered the quantum fluctuations of the metric during this intermediate de Sitter phase and shown that the spectrum is nearly scale invariant, with an amplitude consistent with generating the observed large scale structure of the Universe. All subsequent successful models of inflation replicate those two predictions.
In the remainder of this section we will give a brief review of inflationary cosmology, structured as follows: in Sec. 1.1 we expand on the discussion of the mechanisms and generic predictions of inflationary cosmology; in Sec. 1.2 we argue how current Cosmic Microwave Background (CMB) data can be used as a testbed for inflationary model building. We will end this introduction in Sec. 1.3 with a discussion of the theoretical drawbacks that any inflationary scenario faces, thus motivating us to search for alternative solutions to the problems of Big Bang cosmology. In the reminder of the paper we present such an alternative, based on a curved geometry.
Mechanisms and Generic Predictions of Inflationary Models
Inflation is made possible whenever the universe is dominated by states of high energy density that do not dilute significantly with the cosmic expansion. As alluded before, one possibility for the high energy density state is due to curved space corrections to the energy-momentum tensor of a scalar field. This is the case for what is currently known as R 2 or Starobinsky inflation. 10, 12, 13 In 1981 Alan Guth 1 showed how inflation can solve the horizon, flatness, and magnetic monopole problems of BB cosmology. In contrast to Starobinsky's model, in Guth's original proposal inflation was driven by a scalar field (inflaton) trapped in a high energy, false vacuum, a Alternatives are the ekpyrotic [4] [5] [6] and cyclic models. [7] [8] [9] at last scattering being comprised of an extremely large number of causally disconnected patches. This is the "horizon problem". The accelerated expansion phase of inflationary cosmology solves it, as now our observable universe can be easily generated from one single, causally connected patch that will be stretched out during inflation. To get a sense of numbers, if the Universe starts to undergo inflation when it had a size corresponding to the Planck length, l P ∼ 10 −33 cm, in 10 −30 s of inflation it will become many orders of magnitude larger than our current observable universe (l ∼ 10 28 cm)! By the same argument inflation solves all the other cosmological problems of BB. It leads to a Universe that is homogeneous on large scales and spatially flat, i.e. Ω K ≡ 1 − Ω ≪ 1, since any initial amount inhomogeneity/curvature or any other unwanted relics is stretched out/diluted to unobservable levels during the vacuum dominated expansion, if inflation lasts long enough.
Single field inflationary models typically predict Gaussian spectrum of scalar perturbations, in agreement with CMB data. Quantum sized fluctuations in the inflaton field are stretched by the exponential expansion and become classical prior to sourcing the CMB temperature anisotropies. Therefore the Gaussian nature of perturbations, as inferred from CMB temperature anisotropies, is due to the Gaussian statistics in the case of a single quantum field. The power spectrum contains all the statistical information needed in that case, as odd n-point correlation functions are identically zero and all the others can be related to products of the two point correlation, i.e. to the power spectrum. In multi-field or single field models with non-trivial kinetic terms, or whenever the slow roll conditions are violated one expects a significant amount of non-Gaussianity, even for the scalar modes.
In principle there are two different possible types of primordial perturbations: "curvature" (or adiabatic) and "isocurvature"(or entropy). In the former case each species has an equal perturbation in the number density, δn f /n f . For entropy perturbations one has δρ = 0, for the total fluid, therefore the total density, or local curvature, remains homogeneous. Any generic primordial perturbation can be decomposed in a combination of those two orthogonal types. Requiring that the primordial perturbations have an amplitude that allows them grow via gravitational instability to become the bound structures we observe today on small scales (clusters, etc.) and matching this with the amplitude measured by CMB experiments at larger scales can place constraints on the type of primordial perturbations, assuming scale invariance. If isocurvature perturbations were the sources for gravitational structures, then the anisotropy in the CMB would be about 6 times larger than the one measured.
25 COBE was the first experiment to fix this amplitude and since then adiabatic perturbations are favored. As shown in Refs. 26, 27, 28, assuming radiation domination at the end of inflation, the comoving curvature perturbation can be related to the inflationary potential V and its derivative, V φ = dV /dφ, in the following way: 
During inflation both H (the Hubble parameter) andφ change very slowly, therefore one generic prediction is that the spectrum is nearly flat, i.e. scale invariant b . Scalar perturbations generated during inflation become super-horizon and no longer evolve whenever k ∼ aH. At a later stage, after inflation ends, modes re-enter the horizon and evolve again, starting with the lower wavelength ones, in a last-out firstin fashion. Gravitational waves, also known as tensor modes, can also be generated during inflation, as discussed in Ref. 29 for example. For massless graviton there are two independent polarizations (h + , h × ) of the transverse and traceless parts of the metric. It is convenient to introduce the power spectrum of perturbations in the following way:
with ... denoting ensemble average fluctuations. For the gravitational waves, we consider the sum of the two independent polarization and define the tensor power spectrum as P t = P h + + P h × . The scale dependence of the power spectrum is parametrized in the following way:
where A s,t is the amplitude and n s,t is the spectral index for the scalar and tensor modes respectively. Running of the spectral index is quantified by α s,t ≡ dn s,t /d ln k. In both cases k * is an arbitrary reference or pivot scale where the normalization can in principle be fixed experimentally. In the slow roll approximation one can express the amplitudes and spectral indices of the potential V and its derivatives
2 ) in the following way: 
2 and η = M 2 pl V φφ /V being parameters that in the slow roll regime are ≪ 1. There are similar, higher order expressions for the running of the spectral indices (see, e.g., Eqs. (17)- (19) in Ref. 30) . One can see from Eq. (1.6) that the scalar modes generated during a slow roll phase have a nearly scale invariant power spectrum, with deviations sensitive to features in the potential. The value for the ratio of the tensor to scalar power spectra at the pivot scale can be obtained in the slow roll approximation by combining Eqs. (1.4)-(1.6):
This important result is known as the consistency relation, and in multi-field models becomes an inequality. Last, but not least, inflaton perturbations naturally lead to a specific pattern in the spectrum of CMB radiation which has been confirmed experimentally by WMAP and Planck satellites. This provides an extremely powerful link that spans over 20 orders of magnitude between the low energy Universe during recombination (T ∼ eV) and the high energy universe at the end of inflation (T ∼ 10 15 GeV), made possible by the existence of large scale, super-horizon, modes that did not evolve much after exiting the horizon during inflation. For a theoretical computation of the CMB spectrum of perturbations, that allows a transparent understanding of the connections between the CMB features and basic cosmological parameters such as the spectral index and amplitude of the primordial perturbations generated during inflation, see Ref. 31 .
It is worth mentioning that sufficiently complicated models of inflation can deviate from any of the predictions mentioned in this section, even the ones taken almost for granted such as the flatness of the universe!
Tests and Current Status
CMB is the best available probe we have of the early Universe. Its temperature anisotropies and polarization measured with accuracy by the Planck satellite, the Atacama Cosmology Telescope (ACT) and the South Pole Telescope (SPT) can be used to test predictions of inflation. First they fix the amplitude of the scalar primordial fluctuations to A s = 2.196 +0.051 −0.06 × 10 −9 and the scalar spectral index n s = 0.9603 ± 0.0073 at the pivot scale k * = 0.05 Mpc −1 . This rules out exact scale invariance, and indicates a red tilt (n s < 1) of the spectrum. The amplitude measured from the CMB anisotropy has a value that is compatible to the one required in order to generate the observed structures in the late Universe such as galaxy clusters from adiabatic initial perturbations! Moreover, Planck data does not indicate any non-Gaussianity, or isocurvature perturbation, favoring simple, single field models.
The strongest constraints to date placed on inflationary models come from likelihood contours in the n − r plane placed using a combination of datasets. As one can see from Fig. 1 concave, plateau like potentials are favored in addition to Hilltop, natural, Starobinsky and Higgs inflation models, which fit the data well. More importantly, one can rule out a number of models, such as power-law (exponential potential), simplest hybrid models, chaotic models with monomial potentials (i.e.
For an in depth analysis of many of the surviving models see Refs. 32, 33. In 2014 the BICEP2 experiment claimed detection of B-mode polarization in the CMB, 34 a pattern that can be generated by the tensor perturbations of the metric produced during inflation. Their result implied that r = 0.2, in strong tension with the bound from CMB data by Planck in combination with WMAP polarization results: r 0.12! Recently this issue has been settled, when a combined analysis of the data by the Planck and BICEP teams in Ref. 35 lead to the conclusion that the signal can be attributed to large degree to galactic dust and placed an upper bound r < 0.12. A detection of tensor modes would have important consequences for inflationary theories. First that would fix the scale of the inflationary potential, as from Eqs. (1.6)-(1.8) one gets:
Additionally a value of the tensor to scalar ratio r 0.01 would favor models with large, super Planckian, inflaton field excursions, as can be seen from the Lyth bound, a relation that relates the inflaton field evolution to the number of e-folds, N, and 
N is usually assumed to be an integer between 50 − 60 in most inflationary models. In summary, basic predictions of single field inflation such as a spectrum of adiabatic, nearly scale invariant, Gaussian primordial perturbations have been confirmed by the current CMB data. This has been interpreted by many as a very strong case for inflation. However, as we shall see in the next section, there are severe theoretical unsolved problems that the inflationary paradigm faces.
Theoretical Problems and alternatives to Inflation
In this section we briefly discuss some of the open questions of inflationary cosmology. For simplicity we will omit the trans-Planckian, η, and Higgs instability problems, focusing on the more generic, model independent issues, that are most difficult to overcome.
Reheating and subsequent expansion history
At the end of inflation the inflaton field must decay into standard model particles, in a process called reheating. This has important observable consequences, because in order to relate predictions of slow roll inflations to observables in the CMB one needs to know the time t * when the observable pivot scale has exited the horizon during inflation. Obviously this depends on the details of reheating and the subsequent expansion of the Universe. Neither of those two are yet fully constrained. Reheating can proceed in a number of different ways, and one has to take this into account when deriving constraints in parameter space, as done for instance in Ref. 36 . The expansion history of the universe is constrained by the requirement that radiation domination starts prior to the Big Bang Nucleosynthesis era, or when the temperature of the universe was of the order of ∼MeV. It is natural to assume that radiation domination starts as soon as inflation ends, as the inflaton will decay into light species. However, during reheating in a quadratic potential, the coherent oscillations of the inflaton field make it act as pressureless dust. Depending on how slow the inflaton field decays into radiation, this "early matter dominated era" (EMDA) can have important consequences on the expansion history, and thus on relating observables measured at CMB scales to inflationary theory.
Initial Conditions
In order for inflation to start one needs a Universe homogeneous on scales larger than the Hubble radius, prior to inflation, as large kinetic and gradient terms inhibit inflation. Thus, in order to solve the BB cosmology homogeneity and flatness problem one needs to start from a very homogeneous patch. One "natural" solution to this problem, proposed by Linde in Ref. 16 , is to assume chaotic initial conditions: by the time the Universe reached the Planck energy scale, all different energy densities are of the same order. In the case of single field inflation this amounts to:
pl . The potential term will quickly dominate the energy density and therefore inflation can proceed. Patches which start with large kinetic or gradient terms compared with the potential do not inflate, and therefore are disfavored at a classical level. However, CMB data, and the upper bound it places on the tensor modes: r 0.12, implies that the scale of inflaton potential is much smaller than the Planck energy:
pl , as one can see from Eq. (1.9). As argued in Ref. 22 , for the case of featureless, plateau-like potentials, such as the ones favored by the data, this becomes problematic. First, this class of potentials require an amount of fine tuning much larger than the now-disfavored power-law potentials. More importantly, extrapolating back to the Planck scale one finds initial conditions where gradient, inflation prohibitive, terms dominate over the potential. In order for inflation to proceed one needs to start from a patch that is homogeneous on scales 1000 times larger than the Hubble horizon! A possible solution to this problem, postulating that inflation starts from a region of negative spatial curvature, has been proposed in Ref. 23 . This assumption can reduce the required homogeneity length at Planck scale from ∼ 1000 to ∼ 1 − 15 Hubble lengths. Features in the potential at scales not probed via CMB anisotropies, and hence of no observational consequence, could also help to solve this initial homogeneity problem. One possibility is to assume an initial stage of inflation that proceeds just as in the case of old inflation, via tunneling from a false vacuum and bubble nucleation. Symmetry of the true vacuum bubbles guarantee homogeneity prior to the onset of the last stage of inflation. A very intricate possibility that seems outside of experimental reach, and that is introduced only to reduce the homogeneity scale.
Multiverse and the measure problem
For inflationary models with plateau-like potentials, such as the ones favored by CMB data, there are regions where the quantum fluctuations over a Hubble time, ∆φ qu ∼ H/2π dominate over the classical evolution, ∆φ cl =φ/H. As explained in Sec. 1.1, this leads to an eternally self-reproducing regime, where inflation never ends globally and the universe has a fractal-like structure on scales much larger than the Hubble length. Actually, eternal inflation and the multiverse is a very generic picture, and there are very few models that do not have a self-reproducing regime. This leads to a loss of predictability, as any cosmological possibilities are realized in at least some of the bubble universes that are part of the multiverse. Probabilities cannot be defined unless a regularization scheme is used, since in an infinite multiverse they involve comparison on infinities c . For example Refs. 37, 38, 39 propose such regularization schemes; however the predicted probabilities are c For a review of the measure problem in the multiverse see e.g. Ref. scheme dependent, and there is no consensus yet as to which one is correct. A naïve, weight by volume, measure will actually exponentially favor a much younger patch than our Universe 21 or Boltzmann brains. 40 Those are known as the youngness paradox and Boltzmann brain problem, respectively.
Large scale correlations and structure problems
Even if CMB data seems to confirm the vanilla ΛCDM paradigm, there are certain anomalies at large scales, indicative of an incomplete understanding of the physics in the early universe. For instance, inflation is not consistent with observed large scale angular correlations in CMB data. Inflation models require angular correlation at all angles, not only at angles up to ∼ 60
• , because inflation occurred at all scales. The discrepancy in angular correlations between CMB and ΛCDM model that is presented in Fig. 2 There is an obvious difference between the CMB spectrum and predictions of the standard model. The figure also includes a curve that shows very good agreement between the observable data and a finite size universe model (similar to the model proposed here). Please note that the finite size model gives not only a better match to the observed correlation function than the ΛCDM model, but also predicts the distinctive signature in the temperature polarization (T E) spectrum; see Fig. 3 
Uniformity of CMB as a non-inflationary geometrical effect 11 Fig. 3 . The comparison of the data to the predicted TE power spectrum in a finite universe model (solid line) and the ΛCDM model (dashed line), adopted from Ref. 42 
Alternatives to inflation
Motivated by the thorny theoretical problems of inflationary cosmology some authors have proposed alternative scenarios such as string gas cosmology, matter bounces, ekpyrotic/cyclic scenarios (for a review, see e.g. Ref. 45) . As shown in Ref. 46 there are two robust cases for the effective equation of state parameter w required for a scalar field to produce a nearly scale-invariant spectrum of density perturbations: w ≈ −1 (inflation) and w ≫ 1 (ekpyrotic/cyclic). The latter scenario predicts almost no tensor perturbations and a degree of non-Gaussianity larger than simple, single field inflation. If B-modes are detected in the CMB with future experiments, one could use the consistency relation in Eq. (1.8) to test the slow roll hypothesis vs alternatives. A very interesting review of the ekpyrotic/cyclic scenario and its problems can be found in the Appendix of Ref. 24 .
Of the three problems of BB cosmology the horizon problem is the most serious one, as "there are possible solutions of the flatness and monopole problems that do not rely on inflation". 47 The explanation for flatness may be the anthropic principle, 48 that intelligent life would only arise in those patches of universe with Ω very close to 1; another explanation could be that space is precisely flat at time of BB. Guth's monopoles may be explained by inflation, or the physics may be such that they never existed in appreciable abundances. An explanation may be that there is no simple gauge group that is spontaneously broken to the gauge group SU (3) × SU (2) × U (1) of the Standard Model. In the remainder of this paper we will discuss a novel, geometric, approach that could be used to solve the horizon problem without the need for postulating an inflationary epoch.
Positive curvature and ω = −1/3 quintessence
Inflation explains uniformity of CMB and solves horizon problem by generating our observable universe from one single causally connected patch. Homogeneity in the CMB on the level of 10 −5 is explained by inflation era. However, arguments in favor of inflation only exist if space was already homogeneous before inflation. If the pre inflationary universe was not already homogenous, inflation will not lead to homogeneity. 49 So, the homogeneity problem is pushed only back in time, because the Big Bang itself is taken to be inherently free of correlations.
In addition, after the time when inflation ended to the moment of the last recombination, when CMB was emitted, densities changed from 10 38 kg/m 3 to 10 −17 kg/m 3 , and temperature from 10 29 K to 3000 K. The high degree of isotropy observed in the microwave background indicates that any density variations from one region of space to another at the time of decoupling must have been small, at most a few parts in 10 −5 . This requires that changes in density at any part of the universe is the same to the 60 orders of magnitude. After inflation ended, during the time period of 380k years some parts of the universe are not anymore causally connected and there is no reason that they will have the same density and the same temperature at the time of decoupling. Taking in account that during that period we also have acoustic oscillations (heat of photon-matter interactions creates a large amount of outward pressure that counteract gravity) it is statistically unlikely that the CMB will have observed uniformity. This is similar to the horizon problem, but after inflation, inflation does not help to solve it.
It is important to note that the transfer of the quantum fluctuations in the inflaton field to density perturbations that lead to the CMB anisotropies is not well understood. For instance, at the end of inflation during reheating the energy of vacuum was transferred to ordinary matter and radiation, but we have no clear idea how the energy transfer took place and which particles are first created. Later, we can only guess when and how some particles effectively stopped interacting with the rest of matter and radiation and become cold dark matter. These uncertainties do not allow us to make predictions that will be accurate on 60 decimal places. So, how do we explain the CMB uniformity?
We argue that the observed uniformity in the CMB does not mean that space was uniform at the time of decoupling. We propose a cosmological model that allows for a different interpretation of the CMB data and for inhomogeneity of the universe at the early stage. A large-scale homogeneity and isotropy is not required by classical GR theory. It is well known that in the Big Bang models homogeneity of space cannot be explained, it is simply assumed in initial conditions.
In our positive curvature closed universe model the CMB is always coming from a very small vicinity of the antipodal point. Therefore measuring the same CMB by looking in the opposite directions of the universe does not represent or reflect the uniformity of the universe at the time of decoupling, because we always measure CMB originating from approximately the same antipodal point regardless of the direction of observation. For that reason we always must obtain the same result. Small variations for the CMB are possible and observed, but these variations are the result of measuring CMB from a small region and not exactly from a single point, and because of the interaction between matter and light during its travel. For instance, depending on the direction we choose to measure the CMB, light will travel through different galaxies and will interact with different amounts of matter, which will result in small observed variations of the CMB at large angular scales (as the photons pass through large scale structures) by the integrated Sachs -Wolfe effect.
50-53
To establish a connection between the uniformity of the earlier universe at the time of decoupling and the CMB we will need to make a completely different kind of measurement of the CMB. We can see the CMB in any direction we can look in the sky. However, we must keep in mind that the CMB emitted from over-dense regions that would ultimately form, for instance the Milky Way, is long gone. It left our part of the universe at the speed of light billions of years ago and now forms the CMB for observers in remote parts of the universe, for an observer located at the antipodal point. To measure the uniformity of the universe at the time of decoupling we will need to measure the CMB in at least two different points. If, that measurements give the same result, then and only then may we speak about the uniformity of the CMB and uniformity of the universe at the time of decoupling. However, such measurements are not possible at the present time since we cannot move to different place to perform such measurement.
Following the above and ideas expressed in the recent papers, 54, 55 let us try to find a possibility for an affirmative answer to the following question: "Is there a chance from the mathematical point of view that the last scattering surface is approximately point-like, or, in other words, that the CMB radiation originates from a very limited space region in the vicinity of the only one point?" For this purpose, taking into account that the answer is definitely negative in the framework of the conventional ΛCDM cosmological model with flat spatial geometry, we consider its extension with the positive curvature, i.e. the closed space. The corresponding FLRW metric reads:
where the hyperspherical coordinates χ ∈ [0, π], θ ∈ [0, π], ϕ ∈ [0, 2π); c represents the speed of light, while a(t) stands for the scale factor. This function satisfies the well-known first Friedmann equation:
where the dot denotes the derivative with respect to time t; κ = 8πG N /c 4 , with G N being the Newtonian gravitational constant; a 0 is the current scale factor value, and H 0 ≈ 67.4 km/s/Mpc is the current value of the Hubble parameter H(t) =ȧ/a. Further, ε rad andρc 2 /a 3 represent the energy densities of radiation and nonrelativistic matter (with the average rest mass densityρ in the comoving coordinates), respectively, while Λ stands for the cosmological constant. Finally, the following well-known energy fractions are introduced: Introducing the dimensionless quantitiesã = a/a 0 andt = H 0 t (soã(0) = 1 and a(−t 0 ) = 0, wheret 0 represents the dimensionless age of the Universe), we get 4) and this value corresponds to t 0 ≈ 13.9 billions of years of the Universe evolution. In addition, it is worth mentioning that the today's value of the deceleration parameter q = −ä/ aH 2 reads q 0 ≈ −0.535, being in complete agreement with the supernovae data. Now, let us demand that
The physical interpretation of this condition is clear: if it holds true, than light travels between the antipodal points during the age of the Universe. One can easily verify that it is impossible to reach the approximate equality (2.5) within the standard pure ΛCDM model. Really, with the help of the values (2.3) for the left-hand side we immediately obtain
However, without the crucial condition (2.5) the proposed elegant geometrical solution of the horizon problem is not valid. Therefore, in what follows we continue demanding its fulfilment. Of course, this is apparently forbidden if the composition of the Universe remains unchanged. In this connection we supplement the positive spatial curvature extension of the conventional cosmological model with an additional perfect fluid with the constant parameter ω in the linear equation of state p Q = ωε Q , where ε Q and p Q represent its energy density and pressure, respectively. If −1 < ω < 0, such a perfect fluid may be called quintessence.
57-59
According to Ref. 60 , only two negative values of the constant parameter ω are admissible from the point of view of the cosmological perturbations theory: ω = −1 (this possibility is already completely exhausted by introducing the nonzero cosmological constant Λ, which, as it is known, can be interpreted as a perfect fluid with the vacuum equation of state p Λ = −ε Λ ) and ω = −1/3 (for the foundations of the mechanical/discrete approach to cosmological problems inside the cell of uniformity, leading directly to these severe theoretical restrictions, see Refs. 61, 62, 63) . Consequently, we make the choice ω = −1/3. It is interesting that the frustrated network of such topological defects as cosmic strings 64, 65 is characterized by exactly the same value of the parameter ω. Such a constituent is also used in Refs. 66, 67 within another alternative cosmological model.
It should be noted that the extension of the standard ΛCDM model with respect to the positive curvature space without quintessence has an important problematic aspect: the gravitational potential φ in the comoving coordinates produced by a point-like mass m diverges at the antipodal point where this mass is actually absent, and this may be considered as a disadvantage of the investigated spherical topology. As shown in Ref. 61 , if the considered gravitating mass is situated at the point χ = 0, then
where C is some integration constant. It immediately follows from (2.7) that the function φ diverges not only at the point χ = 0 where it has the correct Newtonian limit φ → −G N m/χ, as it certainly should be, but also at the antipodal point χ = π where there is no any mass! Let us note as well that the inevitably coming to mind conclusion that this result is nonphysical may be drawn in the case of the infinite-range gravitational interaction analyzed in Ref. 61 . At the same time, in the opposite case of the finite-range gravitational interaction studied in detail in Ref. 68 the situation may improve drastically. However, this chance lies beyond the scope of the present manuscript. The situation with the gravitational potential improves as well, if one introduces the above-mentioned ω = −1/3 quintessence Ref. 60 . Now under the same problem statement
where
Here, in its turn, ε Q(0) denotes the today's quintessence energy density. Obviously, for µ 2 + 1 = 2, 3, . . . the function φ (2. 
Comparison with supernovae data
The contribution of quintessence to the right-hand side of the first Friedmann equation (2.2) reads:
Neglecting the radiation contribution, we get
Demanding that the acceleration parameter q has approximately the same current value as in the standard ΛCDM model, that is q 0 ≈ −0.535, we obtain one more equation for the energy fractions:
Besides, instead of (2.6) we have now
For illustrative purposes we single out two concrete examples. First, it is the socalled "exact compensation" case when the positive contribution Ω Q of quintessence exactly compensates the negative one of the spatial curvature Ω K = −|Ω K |:
93, so the rest two fractions exactly coincide with those from the conventional model, namely Ω mat ≈ 0.31, Ω Λ ≈ 0.69. In this case the gravitational potential in the comoving coordinates produced by a point-like mass reads: 5) again being a finite function of χ ∈ (0, π]. Second, it is the so-called "visible matter" case when the nonrelativistic matter contribution equals Ω mat ≈ 0.040 (which allows interpreting these 4% as approximately corresponding to the visible matter only, without dark matter). Then Ω Λ ≈ 0.555, Ω Q ≈ 0.721 and Ω K ≈ −0.316. Both found sets of energy fractions satisfy the equations (3.2) and (3.3) as well as the condition (3.4) . In the following Table 2 . Numerical values for the "visible matter" case. two tables we present some useful calculations for the "exact compensation" and "visible matter" cases, respectively. The last two columns of these tables show the numerical values of the luminosity distance
(3.6) within the cosmological model under consideration and the luminosity distance
in the framework of the standard ΛCDM one, respectively, as functions of the cosmological redshift z = a 0 /a − 1. These dependences are also depicted in Fig. 4 . We see that both examples agree with the supernovae data quite well for sufficiently small z. Nevertheless, for large z the discrepancy between the considered model and the conventional one with respect to the luminosity distance becomes wide. Indeed, for z * = 1100 (this redshift corresponds approximately to the recombination time) we have d L(ΛCDM) ≈ 15400 Gpc while for two above-mentioned sets of energy fractions the luminosity distance is about 510 Gpc or 1450 Gpc, respectively. This leads to drawbacks discussed briefly in the next section. 
Cosmic microwave background anisotropy
Certainly, it is not enough to reach agreement only with the supernovae data. Any novel cosmological scenario must take a lot of other tests in order to be called successful and viable. Among them here we single out consistency with the CMB data. The simplest possible check consists in estimation of the location of the first acoustic peak directly related to the so-called acoustic scale (see, e.g., Refs. 69, 70, 71):
representing the ratio of the comoving size of the sound horizon at the time of recombination and the corresponding angular diameter distance, which is directly proportional to the luminosity distance d L (z * ) divided by (1 + z * ) 2 . Let us restrict ourselves, for example, to the "visible matter" case, which matches the luminosity distance redshift relation of ΛCDM to within 1% up to high redshifts, as one can see from Fig. 4 . Then from the quite natural requirement θ * /θ * (ΛCDM) ∼ 1 we obtain:
Unfortunately, it can hardly be so. Indeed, since the comoving size of the sound horizon r s is determined by the average sound speed before the recombination, the requirement (4.2) means that in the framework of the alternative cosmological model under consideration the average sound speed during this earliest epoch of the Universe evolution should be decreased in about 10 times as compared to the standard ΛCDM one. However, this quantity in its turn is determined mainly by the radiation contribution and thus is approximately equal to 1/ √ 3 if defined as ∂p/∂ε. The physical mechanism of such decreasing of the sound speed is actually completely unknown to us. The reasoning may be as follows. First, we cannot simply compensate the radiation contribution to the sound speed squared by some other contribution of the opposite (negative) sign, because all popular exotic perfect fluids including quintessence become relativistic at the earliest evolution stage if their initial peculiar velocities are nonzero, and therefore are described by the same parameter 1/3 in the equation of state as the radiation. Second, even if there is no thermal motion of some assumed additional fluid at the very beginning of the Universe evolution, which is hard to imagine, then this fluid should affect not only the sound propagation making it difficult, but also possess the energy density and pressure compared to those of radiation. This would evidently have grave consequences not only for the epoch before the recombination but also for the epoch after it, and from the experimental point of view this is also hard to imagine with respect to what is observed or supposed to be known about the early evolution stages.
The other possibility to save the situation lies in the following. One can reject comparing the acoustic scales and change the initial power spectrum instead in such a way that its new shape already contains the observed acoustic peaks. Then their positions may be adjusted to the experimental data. According, e.g., to Ref. 70 , the conversion from the flat geometry to the spherical space (with the positive spatial curvature) may be implemented, in particular, by replacing the today's conformal time t 0 by the comoving angular diameter distance χ(t 0 ) to the last scattering surface, where we have switched for convenience to the corresponding designations adopted in Ref. 70 , see, e.g., the formulas (2.254) and (2.255), respectively, for the positions of the peaks:
The difference between these quantities (see our estimation (4.2)) leads to a conclusion that the repetition frequency for the peaks within the alternative cosmological model under consideration would be theoretically much higher than in the conventional one, in disagreement with the experimental data, if the same initial power spectrum is assumed, namely
where, as usual, n denotes the spectral index Ref. 70 . Note that, up to numerical factors, k 3 P (k) is what we have labeled P R in Eq. (1.2). Moreover, we neglect running of the spectral index, as Planck data suggest no evidence for it, and assume here a pivot scale equal to the horizon scale today, i.e. k * = 1/t 0 . Now, in order to adjust the acoustic peaks of the CMB anisotropy, we are forced to assume the other In other words, we absorb the difference between the angular diameter distance and the comoving distance for a curved universe in the amplitude of the primordial power spectrum. Let us estimate the change needed in order to match the location of the acoustic peaks in the CMB. From Eqs. (4.2), (4.4) and (4.6) we get: Therefore, if one assumes n = 0.96, the best fit value of the spectral index of scalar perturbations from CMB, then the change in the amplitude of the power spectrum needs to be of the order of 10%, to compensate for a 90% difference in the location of the first acoustic peak. This drastic reduction is made possible by the near scale invariance! CMB fixes the amplitude of the scalar modes to A s = 2.196 +0.051 −0.06 ×10 −9 at the pivot scale k * = 0.05 Mpc −1 . A valueÃ s ≈ 2.4×10 −9 , as required by Eq. (4.7), is about 4σ away from the central value. Albeit not excluded, this seems statistically problematic. However, the pivot scale assumed in Eq. (4.7) is the horizon scale today, corresponding to k * = 2.2 × 10 −4 Mpc −1 , a scale ∼ 200 times larger than the pivot assumed in the CMB analysis! At such large scales the primordial power spectrum is barely constrained by CMB or other cosmological probes d , therefore a modification of the order of 10% should be well within experimental bounds.
One has to keep in mind however that the conventional (geometric) estimation of the acoustic peak position can be influenced by the presence of giant voids, and one of the CMB anomalies, the Cold Spot, could be indicative of a great void.
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This could further relax constrains and make our model even more plausible.
Conclusion
In this paper we demonstrate explicitly that in the framework of the ΛCDM model supplemented in the spherical space with an additional perfect fluid (namely, quintessence with the constant parameter w = −1/3 in the linear equation of state) there is an elegant solution of the horizon problem without inflation: under the proper choice of the parameters light travels between the antipodal points during the age of the Universe. Consequently, one may suppose that the observed CMB d See, e.g., Fig. 6 in Ref. 72. radiation originates from a very limited space region, which explains its uniformity. Then there seems no need for various inflation scenarios. In addition this removes any constraints on the uniformity of the universe at the early stage and opens a possibility that the universe was not uniform and that creation of galaxies and large structures is due to the inhomogeneities that originated in the Big Bang. Besides, in the constructed model the gravitational potential of any single mass is convergent at any point except for the point of its location, and agreement with the supernovae data is reached. There are certain serious difficulties when one tries to adjust the proposed concept to the CMB anisotropy arriving at the necessity to change the amplitude of the initial power spectrum. However, the changes that should be done are well inside experimentally allowed constrains.
